Abstract Psychosocial dysfunction is a risk factor for treatment non-adherence among children and adolescents. A previous study showed that high scores on the Pediatric Symptom Checklist (PSC) were associated with a history of HIV virologic failure. We assessed whether high scores on the PSC could predict virologic failure in HIV-infected youth. Caregivers of 234 adolescents between the ages of 10 and 16 years were asked to complete a PSC at baseline. Elevated PSC scores were associated with virologic failure in the subsequent 6 months. PSC scores may help guide resource utilization when viral load monitoring is limited.
Introduction
An estimated 3.3 million children worldwide are infected with HIV, 90 % of whom live in sub-Saharan Africa [1] . As the HIV epidemic matures and more children are accessing antiretroviral treatment, large numbers of HIV-infected children are aging into adolescence. Limiting their morbidity and mortality is dependent on maintaining adherence to lifelong antiretroviral treatment [2] . Unfortunately, adolescents have higher rates of poor treatment adherence and virologic treatment failure than both younger children and older adults [3] [4] [5] [6] [7] . In a South African study, more than a quarter of adolescents who achieved virologic suppression had virologic rebound within 12 months and fewer than 15 % maintained 100 % adherence by pharmacy refill during that time [6] . In the United States, only 54 % of adolescents who initiate antiretroviral therapy achieve viral suppression [7] . Self-reported adherence, which is typically over-estimated, has been reported between 40 and 84 % in HIV-infected adolescents [8] .
Psychosocial dysfunction is a risk factor for non-adherence [9] . In sub-Saharan Africa in particular, psychosocial problems and poor drug adherence have been cited as the greatest threats to the continued therapeutic success of perinatally HIV-infected children [10] . Psychosocial support services are limited in busy clinics in resource-poor settings, creating an urgent need to find ways to target the youth at highest risk [11] . The Pediatric Symptom Checklist (PSC) is a simple psychosocial screening tool that was designed to help pediatricians in busy office practices select children who are likely to have psychosocial difficulties and thus could benefit from further evaluation [12] . Designed for use among youth between the ages of 6 and 16 years [13] in the United States, the PSC has been adapted for use in other settings, including Botswana [14] . Parents/caregivers are asked to scores 35 items related to their child's behavior or emotions as ''never,'' ''sometimes,'' or ''often'' present. Example items include ''distracted easily,'' ''feels hopeless,'' and ''does not listen to rules.'' The PSC includes questions related to attention, internalizing and externalizing problems and alerts to a higher level of risk for emotional, social, or behavioral difficulties. It is not diagnostic of any specific psychiatric or social problem.
High PSC scores have previously been associated with a history of virologic failure among HIV-infected children and adolescents [15] . In a prior study of older children and adolescents in Northern Botswana, 17 % had positive PSC scores. In high-prevalence, low-resource settings where most HIVinfected children and adolescents live, a screening tool that could predict patients at highest risk of failure before failure occurs would allow for enhanced targeting of these children for behavioral interventions. We aimed to determine whether high scores on the PSC predict which adolescents will have virologic failure in the subsequent 6 months.
Methods
Adolescents (aged 10-16 years) receiving treatment through the Botswana National HIV Treatment Program at the Botswana-Baylor Children's Clinical Centre of Excellence (COE) were followed prospectively. The BotswanaBaylor COE provides HIV treatment for children living in and around the capital city, Gaborone, and also serves as a referral center for more complicated pediatric and adolescent HIV cases. All adolescents included in this study were part of a longitudinal observational adherence study which enrolled 300 treatment-experienced adolescents between 10 and \20 years of age; 150 on protease inhibitor (PI)-based antiretroviral therapy, and 150 on non-nucleoside reverse transcriptase inhibitor (NNRTI)-based therapy. The caregivers of all adolescents were asked to complete the parent-report PSC measure at the study entry visit with the help of a research assistant. The PSC took approximately 5 min to complete for each child. PSC scores were dichotomized (C20 defined as 'positive') based on prior data [14] . Plasma HIV RNA levels were obtained from the adolescents every 3 months. Caregivers' unwillingness or inability to complete the PSC was classified as a positive score. Virologic failure was defined as HIV RNA C400 copies/ml after 3 or 6 months of study enrollment. Subject characteristics were compared using t-tests or Wilcoxon rank-sum tests for continuous data and Chi squared tests for categorical data. A Chi squared test assessed for difference in virologic failure rates between those with/without a positive PSC. Logistic regression was used to evaluate the association between virologic failure and continuous PSC scores as well as to assess for confounding in the dichotomous comparison.
As a secondary analysis, we evaluated the association between virologic failure and PSC scores among adolescents who had passed their 16th birthday.
Results
Among the 234 adolescents between 10 and 16 years of age evaluated, the median age was 12.7 years (IQR 11.4-14.2). The adolescents' demographic and clinical characteristics are outlined in Table 1 by PSC score group. A small majority [125 (53 %)] of the adolescents in the primary analysis group were on PI-based antiretroviral therapy. Of those on PIs, 72 % were on second-line treatment. There was no significant difference between PSC score groups in terms of age, time on treatment, sex, orphan status, baseline clinical stage, baseline immunologic status, or treatment regimen.
Twenty-four adolescents entered the study with detectable viral loads. Of those, 11 achieved undetectable viral loads during the observation period without a regimen change. One (PSC negative group) was determined to have high level resistance to the antiretroviral regimen based on genotypic resistance testing. Twelve [10 (4.7 %) in the PSC negative group and 2 (9.1 %) in the PSC positive group] had not had an undetectable viral load or resistance test during the observation period.
Forty patients (17 %) had virologic failure during the 6 months of follow-up and 22 (9 %) had a positive PSC (20 due to meeting the cut-off score requirement and 2 due to parental refusal to complete the test). 9 (41 %) patients with a positive PSC had virologic failure compared with 31 (15 %) of those with a negative PSC, p = 0.002. The specificity of the PSC for ruling out virologic failure was 0.93 [95 % confidence interval (CI) 0.89-0.96]. However, the sensitivity (0.23, 95 % CI 0.11-0.39) was poor. The positive likelihood ratio was 3.4 (95 % CI 1.5-7.3) and the negative likelihood ratio was 0.83 (95 % CI 0.70-0.99). The risk of VF increased by 6 % for every 1-point increase in PSC score (p = 0.02, see Fig. 1 ). One of the two patients whose caregiver refused to complete the PSC had virologic failure. Adjusting for age minimally changed the odds of failure with a positive PSC (from 4.0 to 3.9). Of the factors listed in Table 1 , only age was associated with virologic failure. The odds ratio for failure with increasing age (per year) was 1.35 (1.09-1.69, p = 0.007).
Secondary Analysis
Among the 66 adolescents who were over 16 
Discussion
Adolescents between 10 and 16 years of age with higher scores on the PSC were more likely to later have virologic failure. Unfortunately, most patients with virologic failure would not be identified by a positive PSC. Therefore, the PSC should not be considered a substitute for virologic testing. Yet, the PSC may help us to prioritize patients for virologic testing in resource-limited settings. Among 10-16 year olds in our cohort, the pretest odds of having virologic failure were 0.21 [(probability of virologic failure (0.17))/(1 -probability of virologic failure)]. The posttest odds increased to 0.68 (likelihood ratio (3.4) * pretest probability) for those with a positive PSC. Thus, having a positive PSC score meaningfully increased the odds of having virologic failure among 10-16 year olds in our cohort. In clinical practice where resources are limited, it may save precious resources to not order a viral load for a patient with odds of 0.21 of having virologic failure. Meanwhile, the need for a viral load in a patient with 0.68 odds of failure would seem compelling. Of course, the determination of whether the PSC should be used in any clinical setting should depend on the expense associated with obtaining frequent viral loads compared with the costs of missing virologic failure. Furthermore, the likelihood that intervening early will change treatment outcomes when psychosocial problems are detected should be considered. The PSC is not meant to be diagnostic of any particular problem. Rather, it reflects parents' perceptions of the child's overall psychosocial functioning. Since adherence behaviors are mediated by complex psychosocial factors and adherence is the prime determinant of virologic treatment outcomes, it makes sense that detecting problems with psychosocial functioning would often signal increased likelihood of poor virologic outcomes. It remains to be determined whether focusing support resources on patients with high PSC scores would improve virologic outcomes.
Within the adolescent age group, older age has been consistently related to poor adherence [4, 16, 17] . In our cohort, we also saw higher failure rates among those youth who were over the age of 16 years. Recent stressful life events, repeating a grade in school, and having a diagnosis of depression or anxiety have also been associated with poor treatment adherence among children and adolescents with HIV [17] . Having a parent or caregiver present at clinical visits appears to be protective of adherence and treatment outcomes among adolescents [18, 19] . Adherence has been inconsistently associated with gender [17, 18, 20, 21] and orphan/caregiver status [21] [22] [23] . Lack of caregiver involvement was incorporated into our definition of a positive PSC as we classified noncompletion of the PSC as a positive score. However, only two patients in our 10-16 year old group did not have a parent complete the PSC. Among the adolescents between 17 and 20 years of age, 40 % of positive PSC scores were classified as positive due to parental refusal to complete the assessment.
Both CD4 count and adherence assessments have been evaluated as tools to help predict virologic failure. Compared with viral load testing, CD4 counts are less expensive and more readily available in most low-resource settings [24] . However, changes in CD4 count lag behind changes in viral load and a patient may have longstanding virologic failure with development of antiretroviral medication resistance before immunologic failure can be confirmed. Furthermore, immunologic failure brings with it increased immediate risk of poor clinical outcomes. Bisson et al. showed that among adults in Botswana pharmacy refill data was superior to CD4 count as a better predictor of virologic failure [25] . However, given that in adolescence, responsibility for medication-taking may precede responsibility for obtaining refills, the predictive value of pharmacy refill data in adolescents cannot be assumed.
Our observational cohort is limited to adolescents since this age group is at the highest risk of poor adherence and virologic failure. By setting this age restriction, we lost the ability to assess the utility of the PSC for predicting virologic failure among children under the age of 10 years. Thus, while the PSC was designed for use among children as young as 6 years of age, we cannot comment on whether or not high scores among children \10 years of age would be equally useful for predicting risk of virologic failure. Although we had relatively few adolescents over 16 years of age, the PSC did not appear to distinguish between those with and without virologic failure when used among adolescents who were older than those for whom the PSC was designed.
Since our study was performed in a pediatric and adolescent specialty center where [95 % of patients are believed to have been perinatally infected with HIV, the generalizability of the findings to behaviorally-infected adolescents is uncertain. The generalizability of these study results may also be limited by the fact that our patients, unlike most in resource-limited settings, received regular virologic testing. Botswana guidelines allow for regimenswitches when patients have persistent virologic failure without strong evidence of ongoing poor adherence [26] . Therefore, most patients in our setting do not have longstanding virologic failure prior to switching from a firstline treatment regimen to a second-line treatment regimen. In settings with more limited viral load access, patients would be more likely to develop high-level resistance to their regimens during prolonged periods of non-adherence. This would limit their ability to suppress their viral loads later if they became adherent to treatment recommendations. Under those conditions, the specificity of the PSC for determining near-term virologic failure risk would be lower. The generalizability of our findings may be limited further by the fact that no services were offered in our study based on the results of the PSC screening. In settings AIDS Behav (2015) 19:2044-2048 2047 in which families learn that scores would influence the availability of limited resources such as viral load testing, scores might be biased by the desire to qualify for receipt of these limited resources. Regardless, even if viral load testing becomes cheap and easy, development of better prediction tools for those at higher risk of virologic failure should remain a priority.
